Abstract. Based on the semi-classical Holstein Hamiltonian we consider charge transfer along a DNA chain of sites at different thermostat temperatures. Recently, using the computer simulation, it has been shown that the charge distribution in homogeneous chains in thermodynamic equilibrium depends not only on the temperature, but also on the length of the chain. We have studied numerically the case of polyadenine fragments with a defect site in the middle of the chain. The results demonstrate qualitatively similar behavior of thermodynamic equilibrium quantities in the case of the homogeneous chain and of the chain with a defect. Insertion of a trap-site enhances the stability of polaron states.
Introduction
The problem of charge or energy transfer in quasi-one-dimensional biomolecules is very interesting for such fields as biophysics and nanobioelectronics. In the 1970s, A.S. Davydov suggested that vibrational intramolecular excitations can be transferred along α-helix of protein molecules by solitons without loss of energy [1] . The polaron mechanism of charge transfer attracts considerable attention of researchers due to its stability. Presently it is believed that the charge carriers in biopolymers, such as DNA, are polarons or solitons (see e.g. [2] [3] [4] and refs. therein). This view has been formed mainly due to the fact that DNA is a quasi-one-dimensional system in which excess charges -electrons or holes -evolve into polaron states in the case of their strong interaction with oscillatory degrees of freedom of a molecule. Today, there is a huge amount of modeling results, which demonstrate solitory waves moving along an unperturbed chain. On the temperature dependent polaron propagation, numerous computational experiments and theoretical investigations [5] [6] [7] [8] allow one to conclude that a polaron disappears at a temperature lower then its binding energy.
In the papers [9, 10] the values of the total energy, electronic part of the energy and delocalized parameter in the thermodynamic equilibrium state were calculated for 1D homogeneous chains, and some common features were found. It was shown that it is not the temperature, but the thermal energy of the lattice subsystem that is the critical parameter that determines the polaron disruption. In this work we consider a homogeneous polyadenine chain with one defect site at the center, which plays the role of a trap for the charge. We simulate a model defect site and consider a simple but important case of a DNA fragment with an A. . . AGA. . . A sequence, where G plays the role of the 8-oxoguanine which is one of the most common DNA lesions resulting from hole migration along the chain [11] . e-mail: fialka@impb.ru
Charge transfer model
The model is based on the Holstein Hamiltonian for a discrete chain of sites [12] . In the semiclassical approximation, choosing the wave function Ψ in the form Ψ = N n=1 b n |n , where b n is the amplitude of the probability of the charge (electron or hole) occurrence at the n-th site (n = 1, . . . , N, N is the chain length), we write down the averaged Hamiltonian:
Here ν mn (m n) are matrix elements of the transition between the m-th and the n-th sites (depending on overlapping integrals), ν nn is the electron energy at the n-th site. We use the nearest neighbor approximation, i.e. ν mn = 0 if m n ± 1; the intrasite fluctuationsũ n are assumed to be small and can be considered to be harmonical; suppose that the probability of charge's occurrence at the sites depends linearly on the sites displacementsũ n , α is the constant of coupling between quantum and classical subsystems, M is the effective mass of the site, K is the elastic constant.
Motion equations for Hamiltonian (1) have the form
To model a thermostat, subsystem (3) involves the term with friction (γ is a friction coefficient) and the random force ξ n (t) such that
This way of imitating the environmental temperature with the use of Langevin equations (3) is well known [7, 13] . We calculated a set of samples using 2o2s1g-method [14] . Each sample is a trajectory of system (2)-(3) with its own initial data and random values of {xi n (t)}. Having obtained a number of samples we find averaged "over ensemble" functions of time, and for big time interval of integration we can estimate thermodynamic parameters. We are interested in what the delocalization parameter
will be when the system reaches thermodynamical equilibrium. Obviously, if a charge is localized at one k-th site, i.e. charge probability |b k | 2 ∼ 1, then R ∼ 1. For homogeneous polyA chains, the parameter values of which correspond to a small-radius polaron, in thermodynamic equilibrium at low T R ∼ 1 and for high T R ∼ N/2.
For the homogeneous chains the electron energy values are the same for all sites, and we can take ν nn = 0. When the chain has one defect site in the center, this site has negative electron energy ν nn < 0 and serves as a trap for the charge. We have computed chains A. . . A X A. . . A with a model defect site X in the center for chain lengths N = 19 and N = 40, and a more realistic case: the Guanine is incorporated in the center of a polyA fragment. The model parameters corresponding to nucleotide pairs are chosen as follows [15, 16] 
Results
A qualitative picture of the R(T ) values for such chains in thermodynamic equilibrium is similar to the results for a homogeneous chain without a defect [10] . When the thermal energy of the classical chain E class = Nk B T is less than the critical value E crit , the charge is in the polaron state, R(T ) ∼ 1. When E class > E crit , the charge is delocalized, R(T ) ∼ N/2.
If we rescale abscissa, i.e., choose the thermal energy of the classical chain instead of the temperature T as variable x, x = E * NT (E * is a dimensionless coefficient related to k B ), the values of R(x) for different values of N are found to be close to the same curve. Figure 1 a) shows the R(x) curves for homogeneous polyA and for chains with the defect site. Low parts of graphs of Figure 1 a) correspond to polaron state, R ∼ 1. The greater is the depth of the defect ν X , the greater is the value of E crit ; i.e. for fixed N the stability of the polaron state increases with increasing electron energy on the defect site |ν X |. 
Conclusions
The qualitative picture for a homogeneous chain with a defect site is the same as for the chain without defect. The temperature stability of polarons in a chain with a defect site increases in comparison with the case of a homogeneous chain. The simulation results demonstrate that as the length of the chain increases, the type of charge distribution changes. Apparently, in short chains, the charge is in the polaron state, and its transfer occurs slowly by a hopping mechanism [3, 4, 17] . In long chains at the same temperature, the charge is in delocalized state, and the transfer process is more rapid.
The polaron localized on guanine can create 8-Hydroxyguanine, an abundant form of oxidative DNA damage, causes G→T and C→A substitutions [11] . The results obtained demonstrate that we can reduce the damaged guanine by changing the length of the chain or the sequence which leads to a decrease in the critical temperature of its delocalization. This can be interesting for making protectors from a DNA damage.
